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2
movement of blood or other material between the organs.
The bioadhesive used in the invention is cross-linked pro
teinaceous material which is non-toxic and Sets rapidly. The
method is applicable to join organs in Side-to-Side, end-to
side or end-to-end fashion and is preferably used with blood
vessels, lymphatic vessels or organs of the intestinal tract.
The method is particularly useful in Surgeries wherein one of
the organs is moving, e.g., when Surgery is performed on the
artery of a beating heart.

SUTURELESS ANASTOMOTICTECHNIQUE
USING A BIOADHESIVE AND DEVICE
THEREFOR

This application claims the benefit of U.S. Provisional
Application No. 60/060,086, filed Sep. 26, 1997.
BACKGROUND OF THE INVENTION

AS part of the treatment for trauma and many types of
disease processes it is often necessary to join blood vessels
to re-establish blood flow to some portion of the body or to
an organ. Such joinder of blood vessels is referred to as
vascular anastomosis. In the past, the primary method of
closing vascular anastomosis Sites has been manual Suturing;
this continues to be the method of choice for vascular

In a further embodiment of the invention, when the

15

anastomosis in most Surgical Subspecialties and procedures.
In the majority of Surgical procedures there is adequate time
and the Surgical Site is Suitable for manual Suturing to be
used for vascular anastomosis. For example, in most cardiac
bypass Surgeries, the Surgical approach and anesthetic regi
men traditionally employed have allowed the acceSS and Site
Stability necessary for manual Suturing of any required

The invention also relates to a dual balloon catheter for

vascular anastomosis.

Traditional coronary bypass Surgery involves splitting and
retracting the patient's Sternum and opening the thoracic
cavity. The invasive nature of the Standard cardiac bypass
Surgical approach carries with it a significant cost in mor
bidity and mortality. LeSS invasive Surgical methods would
offer faster healing times with potentially less pain and fewer
post-Surgical complications.
Recently, cardiac bypass Surgery has been moving toward
less invasive Surgical approaches. Although Some endo
Scopic cardiac Surgeries have been described, endoscopic
cardiac bypass Surgery has not been possible. EndoScopic
cardiac bypass Surgery raises at least two major technical

25

annular inflatable balloons. The distal annular inflatable
distal annular inflatable balloon is located within the lumen

35

exposure and Surgical manipulation do not allow for manual

Suturing; and 2) anastomosis of the vessels adjacent to the
40

vessels without the use of manual Sutures while at least one
of the vessels is in motion. No Vascular anastomosis tech

niques currently in practice are Suitable for performing
vascular anastomosis through a Small Surgical window, Such
as those created for a laparoscope, or via endoscopy and

45

under circumstances wherein at least one of the vessels is in

motion or an organ in the Surgical field is in motion.
Even without the restrictions imposed by a limited Sur
gical exposure and a moving blood vessel, manual Suturing
has another problematic characteristic: it is time consuming.
There has, therefore, always been incentive to find a method
of vascular anastomosis that provides the Strength and
reliability of manual suturing but which can be performed
more rapidly. Faster anastomotic techniques would lead to
Shorter Surgical times, thereby decreasing patient morbidity
and mortality Stemming from Surgical procedures, especially
extended procedures. The present invention also addresses
this problem by providing a rapid method of performing

50
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vascular anastomosis.
SUMMARY OF THE INVENTION

This invention is directed to a method of joining one or
more hollow bodily organs by juxtaposing apertures in those
organs in apposition and applying an amount of bioadhesive
Sufficient to join the organs in a manner which enables

holding apertures in two hollow bodily organs in apposition
for application of bioadhesive. Specifically the invention
relates to a device having a first flexible, elongated Structure
with a first longitudinal lumen and proximal and distal
balloon is provided around a distal portion of the first
elongated Structure So that, in an operative position, the

problems related to vascular anastomosis: 1) the Surgical

beating heart must occur while the vessels are moving. Thus,
the ability to anastomose vessels during endoscopic cardiac
bypass Surgery would provide a method of joining the

method is used to join two blood vessels in Side-to-side
fashion, the method further comprises extending a guide
wire from one vessel lumen through the apertures into the
lumen of the Second vessel, feeding a dual balloon catheter
along the guide wire to position a balloon within the lumen
of each vessel and expanding the balloons to Stabilize the
vessels and hold the apertures in apposition. This method is
preferred for joining the internal thoracic artery to a branch
of the left coronary artery while performing endoscopic
cardiac bypass Surgery in the presence of a beating heart.
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of one of the hollow bodily organs to be joined. The
proximal annular inflatable balloon is provided around the
first elongated Structure and proximal to the distal balloon.
The device may also include a separate additional longitu
dinal lumen in the first elongated Structure for inflating the
proximal and distal balloons with fluid or air. Alternatively,
the first elongated Structure has two additional longitudinal
lumina, one lumen for each of the proximal and distal
balloons. The device also optionally provides a Second
flexible, elongated Structure, which resides within and is
slidably received within the first longitudinal lumen. The
distal end of the Second elongated Structure includes a tissue
piercing tip, or alternatively, a needle. The Second elongated
Structure optionally contains a longitudinal lumen extending
from the proximal end of the Second elongated Structure to
the distal end of the tissue piercing tip.
The Second elongated Structure is Selectively extendable
distally past the distal end of the first elongated Structure and
optionally locked into an extended position, thus allowing
the piercing tip to be used to pierce the walls of the organs
to be joined. The Second elongated Structure has a Second,
retracted, position, in which it may be locked. In the
retracted position, the tissue piercing tip is retracted within
the first elongated Structure where it cannot damage the
organ tissues.
The device may also optionally include a guide wire
slidably received within the second longitudinal lumen. The
guide wire is extendable into two positions: a guiding
position, in which the distal end of the guide wire is
extended distally beyond the distal end of the piercing tip of
the Second elongated Structure, and a non-guiding position,
in which the distal end of the guide wire is retracted inside
the piercing tip.
In another embodiment the proximal and distal balloons
can Slide in relation to one another Such that the balloons can

be moved closer or further apart. In this embodiment, the
device comprises a first flexible elongated Structure with a
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proximal annular inflatable balloon disposed around the
distal portion of the first elongated structure. The first
elongated Structure also has a longitudinal lumen extending
within the first elongated structure. The device further
comprises a Second flexible elongated Structure Slidably
received within the first longitudinal lumen, the Second
elongated Structure having a distal annular inflatable balloon
provided around the distal portion of the Second elongated
Structure. When the device is in an operative position, the
distal balloon is received within the Second organ and the
proximal balloon is received within the first organ. The
device according to this embodiment thus has two positions
in relation to the proximal and distal balloon: an apposed
position, in which the proximal inflatable balloon and the
distal inflatable balloon are close together; and an non
apposed position, wherein the distance between the proxi

5

FIG. 4(e) illustrates bioadhesive applied to seal the anas

tomosis Site.

FIG. 4(f) illustrates the anastomosis site with the catheter

device removed and the IMA clipped or ligated distal to the

anastomosis Site.
FIG. 5 illustrates two embodiments of a dual balloon
catheter device.
15

the invention. The amount of bioadhesive used is Sufficient
25
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vessel in accordance with the methods of the invention.

FIG. 4 provides an illustrative example of Steps to create
a vascular anastomosis between the IMA and the LAD in
accordance with the invention.

60

FIG. 4(a) illustrates positioning the IMA in relation to the

LAD and creating an aperture in the IMA using the extended
needle.

FIG. 4(b) illustrates creating an aperture in the LAD using

the extended needle and feeding the guide wire 6 through the
needle from the IMA into the LAD.

to Seal the joined organs So that the apertures communicate,
thereby enabling materials to move from one organ to the
other through the apertures, as shown, for example, in FIGS.
1 through 3.
AS used herein, "hollow bodily organs' and "organs' are
used interchangeably and include, without limitation, veins,
arteries, lymphatic vessels, esophagus, Stomach, duodenum,
jejunum, ileum, colon, rectum, urinary bladder, ureters, gall
bladder, bile ducts, pancreatic duct, pericardial sac,
peritoneum, and pleura. Preferably, the bodily organs to be
joined are veins, arteries and portions of the intestinal tract.
Most preferably, the organs to be joined are arteries.
Apertures can be created in the organs to be joined by
cutting the wall of the organ using a Scalpel, radioSurgery
unit, laser, trocar, needle or other means. The apertures can
also be created using a device having a retractable needle.
These apertures are large enough Such that the instrument
used to hold the apertures in apposition may be introduced
into the organ cavity. The Size of the aperture can be
determined by the function the anastomosis is intended to
Serve and the materials intended to be moving through the

anastomosis site (e.g., fluid versus Semi-fluid material Such
as bowel contents). Alternatively, the apertures can already

FIG. 2 illustrates a dual balloon catheter device 42

threaded through the arteriotomy sites 40 of FIG. 1, inflated
balloons 44 and 46 to hold the organs together and the
general location of the bioadhesive 48 relative thereto.
FIG. 3 illustrates a representative vascular anastomosis
Site alter joining a blocked coronary artery to another blood

DETAILED DESCRIPTION OF THE
INVENTION

The invention provides a method of joining organs, at
least one of which has an internal cavity, using a bioadhesive
comprised of croSS-linked proteinaceous materials. In detail,
the invention provides a method for joining hollow bodily
organs wherein apertures in the organs are held in apposition
and the organs are joined together using the bioadhesive of

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates two tubular organs with apposed arte
riotomy sites 40.

the arteriotomies Such that the distal balloon is within the

LAD and the proximal balloon is within the IMA.

mal inflatable balloon and the distal inflatable balloon is

larger than in the apposed position.
The device according to this embodiment also optionally
includes a Second longitudinal lumen extending within the
Second elongated Structure and a third flexible elongated
Structure, Slidably received within the Second longitudinal
lumen. The distal end of the third elongated structure forms
a tissue piercing tip, and the device has two positions into
which the device may optionally be locked: a piercing
position, in which the tissue piercing tip extends distally
beyond the distal end of the Second elongated Structure, and
a retracted position, wherein the tissue piercing tip is
retracted within the Second elongated Structure.
The device may also optionally include a third longitu
dinal lumen extending within the third elongated Structure
and a guide wire Slidably received within the third longitu
dinal lumen. The guide wire extends into two positions: a
guiding position, in which the distal end of the guide wire is
extended distally beyond the distal end of the piercing tip;
and a non-guiding position, in which the distal end of the
guide wire is retracted inside the piercing tip of the third
elongated Structure.
The alternative embodiment may also optionally include
a longitudinal lumen extending within the first elongated
structure from the proximal inflatable balloon to the proxi
mal end of the first elongated Structure, and a longitudinal
lumen extending within the Second elongated Structure from
the distal inflatable balloon to the second proximal end of the
Second elongated Structure.

4
FIG. 4(c) illustrates retracting the needle into the catheter
device, leaving the guide wire running from the IMA
through both artenotomies into the LAD.
FIG. 4(d) illustrates the catheter device inserted through
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be present in the organs, Such as the end of a tubular organ,
or have been created by trauma.
The apertures in the organs can be held in apposition
manually or through the use of a device introduced into each
organ. The device can aid in positioning the apertures Such
that they are directly opposite one another. When the aper
tures are held together, an anastomosis site is formed at the
interface of the two organs to which the bioadhesive of the
present invention is applied. For example, a device can be
attached to each organ through the use of expandable
balloons that become stabilized within the organs when they
are inflated. The expandable balloons can be attached to one
another by a means extending through the apertures. Hence,
for example, the device according to the invention can dilate
an arteriotomy site and hold the vessels to be anastomosed
in contact while the gluing procedure is performed.
The apertures are generally maintained in apposition
during application and Setting of the bioadhesive. Once the
bioadhesive Sets, the cavities of the two organs can com

US 6,685,726 B2
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municate through the joined apertures. Communication
between the two organs means that body fluids or other
materials can flow from one organ to another in the manner
typically associated with the organ pair that has been joined.
Examples of materials that might flow through an anasto
mosis include, but are not limited to, liquid and Semi-Solid
materials. Such as blood, urine, lymphatic fluid, bile, pan
creatic fluid, ingesta and purulent discharge.

The artery to which the IMA is to be anastomosed, the host
artery, is then isolated and an arteriotomy is produced at the
appropriate Site. In the case of coronary bypass Surgery, the
host artery is often a branch of the left coronary artery,

typically, the anterior descending (interventricular) ramus of
the left coronary artery (hereinafter “LAD").
A device is used to Stabilize the arteriotomies in apposi
tion to one another. For example, a dual balloon catheter can
be used to stabilize the arteriotomies. The dual balloon

The bioadhesive of the invention is a non-toxic adhesive

catheter is introduced into the IMA through the incised distal
end and is threaded proximally in the IMA toward the
arteriotomy site. The catheter is then threaded through the
IMAarteriotomy and into the LAD arteriotomy. The catheter
is then threaded an appropriate distance proximally in the

having the capability to adhere to biological tissues, reach

stability quickly (typically within about 30 seconds to about
5 minutes), preferably set in wet conditions, bond to both

biological tissues and Synthetic materials, and provide Suf
ficient Strength to Stabilize the anastomosis. Bioadhesive
compositions made up of proteinaceous material and a
croSS-linking agent have these characteristics. Bioadhesive
compositions containing protein and a croSS-linking agent
are disclosed by U.S. Pat. No. 5,385,606, which is hereby
incorporated herein by reference, and are the preferred

LAD Such that one balloon of the dual balloon catheter is
15

The distal balloon is inflated to a pressure sufficient to

stabilize the balloon within the LAD. After the distal balloon

bioadhesives for use in the method of the invention.

The bioadhesive compositions disclosed by U.S. Pat. No.

5,385,606 contain two components: 1) from 27–53% by
weight proteinaceous material; and 2) di- or polyaldehydes
in a weight ratio of one part by weight to every 20-60 parts
of protein present. The two parts are mixed and allowed to
react on the Surface to be bonded. Bond formation is rapid,
generally requiring less than one minute to complete. The
resulting adhesion is Strong, generally providing bonds with

located within the IMA (the proximal balloon) and the
second balloon is located within the LAD (the distal
balloon).

25

is inflated and stabilized, the IMA is positioned alongside the
LAD Such that the arteriotomy Sites are directly apposed.
The proximal balloon is then inflated such that the proximal
balloon is stabilized within the IMA. This arrangement
permits the arteriotomies to be held in apposition despite the
movement of the beating heart.
Bioadhesive is then applied around the apposed arteri
otomy Sites in an amount Sufficient to Seal the anastomosis

tear strengths of 400-600 g/cm. Tear strengths of 1300
g/cm have been obtained.

Site. The catheter is maintained within the anastomosis site
with the balloons inflated until the bioadhesive reaches

The bioadhesive is applied by extruding the two compo
nent Solutions through an extruding device having a mixing
tip. The bioadhesive is extruded onto the interface of the two
organs, the bioadhesive enveloping the anastomosis Site
Sufficiently to hold together the two anastomosed organs,
and the communicating apertures. During flexible or rigid
endoscopic anastomosis, the bioadhesive may be applied by
an applicator directed through the endoscope or by an
applicator introduced into the Surgical field via a different
opening.

mosis Site.

It is noted that the method of this invention is amenable

to use not only in all areas of vascular Surgery but also in
other Surgical procedures for joining organs. Examples of
anastomoses that can be performed include, but are not
limited to, arterial anastomosis, venous anastomosis, anas
tomosis of lymphatic vessels, gastroesophageal
anastomosis, gastroduodenal anastomosis, gastrojejunal
anastomosis, anastomosis between and among the jejunum,

Sufficient Strength to maintain the integrity of the anasto
After the adhesive reaches the proper Strength, the bal
loons of the dual balloon catheter are deflated and the
catheter is removed. The distal end of the IMA can is be
35

In a more preferred embodiment, a catheter device (FIG.
4) having a retractable needle 4, an extendable guide wire 6,
40

tomosis of the internal mammary artery (hereinafter
“IMA”), also called the internal thoracic artery, to a branch

of the left coronary artery to provide blood flow to the left
coronary artery can be performed as follows.
The IMA is isolated from the chest wall and is clamped at
a location proximal to the intended Site of anastomosis. The
IMA is completely incised at a location distal to the intended
Site of anastomosis and the artery is elevated for the remain
der of the procedure. An aperture, or arteriotomy, is pro
duced in the IMA by making an incision in the arterial wall.

4(A)&(B). With the needle 4 in the LAD 32, the guide wire
6 is fed into the LAD 32. FIG. 4(B). The needle 4 is then
retracted into the catheter device, leaving the guide wire 6
running from the IMA30 through both arteriotomies into the

LAD 32 as shown in FIG. 4(C). The catheter device is

50

used for arterial anastomoses.

More particularly, the invention relates to a method of
joining, or anastomosing, tubular organs in a Side-to-side or
end-to-side fashion using bioadhesive.
The details of the invention can be exemplified in terms
of performing coronary bypass Surgery. For example, anas

an integral dilating device 8 and two expandable balloons 9
and 10 may be introduced into the lumen of the IMA30 and
fed up to the point of the desired arteriotomy. After posi
tioning the IMA30 in relation to the LAD 32, the needle 4
is extended and used to create an aperture both in the wall

of the IMA30 and the wall of the LAD 32 as shown in FIG.
45

ileum, colon and rectum, ureterovesicular anastomosis,

anastomosis of the gallbladder or bile duct to the duodenum,
and anastomosis of the pancreatic duct to the duodenum.
Preferably, the method is used for vascular anastomoses and
gastrointestinal anastomoses. More preferably, the method is

ligated using Sutures, Staples or clipS and the proximal clamp
is removed from the IMA. Blood flow is thereby established
from the IMA, through the anastomosis site, into the LAD.

55

advanced along the guide wire 6 Such that the integral
dilating device 8 is pushed through both arteriotomy Sites
thereby dilating the arteriotomies. AS used herein, the inte
gral dilating device 8 comprises a tapered, generally conical,
contour at the distal end of the catheter device. The integral
dilating device 8 having a proximal circumference Substan
tially the same as the external diameter of the catheter device
and a distal circumference Smaller than the proximal cir
cumference. The catheter device is inserted further into the
LAD 32 until the distal balloon 9 lies within the LAD 32.

60
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The distal balloon 9 is then inflated, thereby stabilizing the
distal balloon 9 within the LAD 32. The proximal balloon 10
is then inflated thereby stabilizing the proximal balloon 10
within the IMA30 and locking the IMA30 and LAD 32 in

place alongside one another as shown in FIG. 4(D). The
bioadhesive 34 is then applied to seal the anastomosis site 36
as shown in FIG. 4(E). The catheter device is left in place

until the bioadhesive 34 reaches sufficient strength to main
tain the integrity of the anastomosis Site 36, typically from

US 6,685,726 B2
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about 30 seconds to about 5 minutes. The catheter device is
then removed and the IMA30 distal to the anastomosis site

Proximal to the distal end of the first tubular structure is

a first expandable balloon 9 and proximal to the first
expandable balloon is a second expandable balloon 10. The
first and Second expandable balloons are attached to ports

36 clipped or ligated as shown in FIG. 4(F). The clamp

proximal to the anastomosis is then removed from the IMA.
Alternatively, the dual balloon catheter includes balloons

5

that can Slide in relation to one another. In other words, one

balloon slides toward or away from another balloon while
that balloon remains in a fixed position. For example, the
adjustable dual balloon catheter is introduced through the
incised distal end of the IMA and is threaded proximally
within the IMA through the IMA arteriotomy and into the
LAD via the LAD arteriotomy. The proximal and distal
balloons are then positioned just adjacent to the arteriotomy
Sites. After positioning the balloons, the distal balloon is
inflated to a degree sufficient to stabilize it within the LAD.
The proximal balloon is then inflated within the IMA. The
distal balloon is then moved closer to, or slid toward, the
proximal balloon thereby decreasing the distance between

15

Hence, the balloons are moved closer to one another until

25

dure.

In an alternative embodiment, the adjustable catheter
device has a retractable needle 4, an extendable guide wire
6, an integral dilating device, a distal expandable balloon 9
and a proximal obturating device 13 that is slidably related
to the distal expandable balloon 9 as shown in FIG. 5b. As
used herein, obturating device, or obturator, refers to an
expanded annular portion of the catheter device having a
diameter that is larger than the diameter of the catheter
housing adjacent the expanded portion. The diameter of the
obturating device 13 is substantially similar to the diameter
of the distal expandable balloon 9 with inflated and is larger
than the aperture created by the retractable needle. The
obturating device 13 may be integral to the catheter device,
or it maybe a separate, removable "O-ring.”

EXAMPLE 1.
35

40

45

50

the end opposite the needle (the proximal end), a means 5 for

attached to the distal end of the first tubular structure 1.

Bioadhesive was mixed by extruding two Solutions
through an extruding device having a mixing tip; one
solution contained 45% by weight bovine serum albumin
and the Second Solution contained 10% by weight glutaral
dehyde. The albumin and glutaraldehyde Solutions were
mixed in a 4:1 ratio by Volume, albumin to glutaraldehyde.
Harvested human Saphenous veins were positioned adjacent
to one another and Secured. A Small aperture was created in
both veins by incising the vein wall, the aperture being the
Size needed to introduce an endarterectomy shunt through
the aperture. One end of the shunt was fed into the lumen of

one of the veins (vein 1), through the aperture in that vein
and into the Second vein (vein 2) via its aperture. The distal

balloon, located within vein 1, was inflated and the vessels

larger central bore 2. At the distal end of the Second tubular
holding the needle 4 in an extended position Such that the
needle 4 can puncture an organ wall and a means for
retracting the needle 4 So that the needle can be pulled
completely within the first tubular structure 1.
The second tubular structure 3 contains a guide wire 6 that
inns at least the length of the device and that can Slide within
the second tubular structure 3 and the needle 4. At the
proximal end of the guide wire 6 is a means 7 for extending
the guide wire 6 through the distal end of the needle 4 and
a means for maintaining the guide wire in an extended
position when the needle is retracted. The first tubular
Structure 1 and the Second tubular structure 3 can also slide
together over the guide wire 6, and can be locked together
if desired. The first tubular structure 1 is tapered at the distal
end 8. Alternatively, a tapered dilating device can be

In another embodiment of the catheter device, the Second

expandable balloon 10 is attached to a sliding device 14.
This sliding device 14 has a means for locking the expand
able balloon into position Such that the walls of the organs
to be joined are held in a position. Alternatively, the Second
expandable balloon is replaced by an obturator 13 larger
than the arteriotomy produced by the needle with the obtu
rator attached to a sliding device 14. For example, the
obturator 13 is an integral part of the Second tubular struc
ture. Alternatively, the obturator 13 is a separate Structure
attached to the Second tubular Structure, Such as the O-ring
attached to the sliding mechanism illustrated in FIG. 5b.
Thus, the obturating device 13 functions in the Same way as
the second expandable balloon 10 to hold the arteriotomy
Sites apposed to each other.
The invention is further described with reference to the

central bore and two smaller bores. Within the first tubular
structure 1 is a second flexible tubular structure 3 that can
slide within the first tubular structure and is located in the

structure 3 is attached a hollow, retractable needle 4. The
Second tubular Structure 3, and its attached needle 4 has, at

Separating the two balloons is preferably about 1-2 mm.
This distance will vary depending on the organs to be joined.
The size of the device according to the invention can vary
depending on the organs being joined, but is preferably sized
So that it can be used for endoscopic cardiac bypass Surgery.

following non-limiting examples.

Another embodiment of the invention is directed to a
catheter device for use in the method of the invention This
catheter device is a flexible tubular structure 1 that has at

least one bore 2 running the length of the Structure and is
illustrated in FIG., 5. Preferably the device has one larger

10 using fluid or gas. Preferably, the first and second
expandable balloons are positioned a Sufficient distance
apart to allow the walls of the Structures to be apposed
without crushing or damaging the walls between the inflated
balloons. When the structures are blood vessels, the distance

the balloons and the distance between the arteriotomies.

the proximal and distal balloons are located directly opposite
one another just inside their respective arteriotomy Sites.
This sliding adjustment brings the arteriotomies into accu
rate alignment. If desired, the adjustable dual balloon cath
eter can have a locking mechanism that holds the two
balloons in the chosen relationship. Locking the two bal
loons in position is especially helpful for the gluing proce

(11 and 12) or other means for inflating the balloons 9 and

were manually pushed together, bringing the arteriotomies
into direct apposition. The bioadhesive was mixed and
applied, taking care to have the material completely Sur
round the arteriotomies to provide a good Seal. After the
anastomosis was fully covered with adhesive, the adhesive
was allowed to cure for two minutes and the shunt was
removed.

55
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The patency and integrity of the anastomosis was then
tested. A Syringe was attached by cannula to one of the veins.
Fluid was passed through that cannula, demonstrating flow
through that vessel. A clamp was placed at the end of the
vessel opposite the Syringe, more fluid was infused through
the cannula, and fluid was observed coming from the Second
vein. The opening between the arteriotomies was thus
proven to be patent. One end of the Second vessel was
clamped and a pressure gauge was attached to the other end.
Fluid was then applied and a pressure of 370 mm Hg was
achieved with no leaks evident at the anastomotic Site. After
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leak testing, both vessels were opened opposite the anasto
mosis site, thereby exposing the anastomosis site. The
anastomosis Site was found to be clean with close vessel
to-vessel apposition and no frayed arteriotomy margins.

US 6,685,726 B2
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10
the first and Second hollow bodily organs at the anas
tomosis site in an amount Sufficient by itself to hold the
first and Second apertures together and allow fluid or
gas to move between the first organ and the Second

EXAMPLE 2

Bioadhesive was mixed by extruding two Solutions
through an extruding device having a mixing tip; one
solution contained 45% by weight bovine serum albumin
and the Second Solution contained 10% by weight glutaral
dehyde. The albumin and glutaraldehyde Solutions were
mixed in a 4:1 ratio by Volume, albumin to glutaraldehyde.
A pig heart and a harvested human Saphenous vein were
positioned adjacent to one another and Secured. An aperture
was created in the vein and an arteriotomy was produced in
the LAD of the heart; both the aperture and the arteriotomy
were cut to the Size necessary to introduce an endarterec
tomy shunt. One end of the shunt was fed into the lumen of
the vein through the cut end of the vein and advanced
through the aperture in the vein and into the LAD via the
LAD arteriotomy. The distal balloon, located within the
LAD, was inflated and the vein and the LAD were manually
pushed together, thereby putting the aperture and the arte
riotomy in direct apposition. The proximal balloon was then
inflated. Bioadhesive was mixed and applied, taking care to
have the material completely Surround the anastomosis site
to provide a good Seal. After the anastomosis was fully

Organ.

2. The method of claim 1, wherein the fluid is blood.
3. The method of claim 1, wherein the fluid is semi-solid
material.

4. The method of claim 1, wherein the bioadhesive

15

Serum albumin.

8. The method of claim 1, wherein the bioadhesive

comprises 27 to 53% by weight proteinaceous material and
1 part by weight croSS-linking agent for every 20 to 60 parts
of the proteinaceous materials.
9. The method of claim 1, wherein the bioadhesive

covered with adhesive, the adhesive was allowed to cure for
two minutes and the shunt was removed.

The patency and integrity of the anastomosis was then
tested. A cannula was connected to the Saphenous vein and
a three-way valve attached to the cannula. To one port a
Syringe containing water was attached. To a Second port in
the three-way valve a pressure monitor was attached. The
LAD was then clamped both proximal and distal to the
anastomosis site and the Saphenous vein was clamped at the
end opposite the cannula. Water was then injected and the
preSSure was raised to 370 mm Hg with no leaking around
the anastomosis site. After leak testing, both vessels were
opened opposite the anastomosis site, thereby exposing the
anastomosis site. The anastomosis site was found to be clean

with close vessel-to-vessel apposition and no frayed arteri
otomy margins.
The attachment of the Saphenous vein to the LAD of the
pig heart demonstrates, in vitro, the format of the beating
heart coronary bypass procedure according to the invention
in the absence of a beating heart.
An endarterectomy shunt has been used in a laboratory
test of the invention. An endarterectomy shunt has two
expandable balloons Separated by a tubular Section with a
means for expanding both expandable balloons. However,
an endarterectomy shunt cannot be used in a cardiac bypass
procedure because it has a central bore that allows fluid to
flow through the shunt and through both balloons; such a
bore would allow blood to flow out of the artery to be
anastomosed, thus causing hemorrhage. Hence, the endart
erectomy shunt is useful to demonstrate the technique in the
laboratory, but not useful under actual Surgical conditions.
It is to be understood and expected that variations in the
principles of construction herein disclosed in exemplary
embodiments may be made by one skilled in the art and it
is intended that Such modifications, changes and Substitu
tions are to be included with the Scope of present invention.
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comprises four parts of a 45% by weight bovine serum
albumin Solution and one part of a 10% by weight glutaral
dehyae Solution.
10. The method of claim 1, wherein the first organ and
Second organ are tubular organs.
11. The method of claim 10, wherein the first organ and
Second organ are joined in Side-to-Side fashion.
12. The method of claim 10, wherein the first organ and
Second organ are join in end-to-Side fashion.
13. The method of claim 10, wherein the first organ and
the Second organ are joined in end-to-end fashion.
14. The method of claim 1, wherein the first organ and
Second organ are Selected from the group consisting of
veins, arteries, lymphatic vessels, esophagus, Stomach,
duodenum, jejunum, ileum, colon, rectum, urinary bladder,
ureters, gallbladder, bile ducts, pancreatic duct, pericardial
Sac, peritoneum, and pleura.
15. The method of claim 1, wherein the first organ and the
Second organ are arteries.
16. The method of claim 15, wherein the arteries are the
internal mammary artery an the left anterior descending
coronary artery.

17. The method of claim 1, wherein the first organ and the
Second organ are joined in the presence of a moving organ.
45
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18. The method of claim 1, wherein at least one of the first

and Second apertures are created Surgically.
19. The method of claim 18, wherein the apertures are
created using a Surgical cutting device Selected from the
group consisting of a Scalpel, and a radioSurgery unit, a laser,

a trocar, and a needle.
20. The method of claim 1, wherein at least one of the first

and Second apertures are created by non-Surgical trauma.
21. The method of claim 1, wherein apposing the first
aperture and the Second aperture further comprises the Steps
of:
55

We claim:

1. A method of joining a first hollow bodily organ having
a first aperture to a Second hollow bodily organ having a
Second aperture comprising the Steps of:
apposing the first aperture and the Second aperture to form
an anastomosis site using a dual balloon catheter; and
joining the first and Second hollow bodily organs at the
anastomosis site by applying bioadhesive directly to

comprises a protein and a cross-linking agent.
5. The method of claim 4, wherein the croSS-linking agent
of the bioadhesive is Selected from the group consisting of
a dialdehyde and a polyaldehyde and mixtures thereof.
6. The method of claim 4, wherein the cross-linking agent
is glutaraldehyde.
7. The method of claim 4, wherein the protein is bovine

introducing Said dual balloon catheter through the aper
tures to an operative position wherein a distal balloon
is received within one of the first or Second organs and
a proximal balloon is received within the other organ;
and
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inflating the proximal and distal balloons thereby Stabi
lizing the first and Second balloons within the respec
tive first and Second organs and apposing the first and
Second apertures.
k
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